Gathering Alternative Solutions for New Requirements in Manufacturing Company: Collaborative Process with Data Visualization and Interaction Support  by Sadeghi, S. et al.
 Procedia CIRP  3 ( 2012 )  465 – 470 
2212-8271 © 2012 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of Professor 
D. Mourtzis and Professor G. Chryssolouris. 
doi: 10.1016/j.procir.2012.07.080 
 
45th CIRP Conference on Manufacturing Systems 2012 
Gathering Alternative Solutions for New Requirements in 
Manufacturing Company: Collaborative Process with Data 
Visualization and Interaction Support 
S. Sadeghia,*, C. Mascleta, F. Noela  
aGrenoble-INP / UJF-Grenoble 1 / CNRS, G-SCOP UMR5272 Grenoble, F-38031, France 
* Corresponding author. Tel.: +33-047-682-7010; fax: +33-047-657-4695.E-mail address: Samira.sadeghi@g-scop.grenoble-inp.fr 
Abstract 
Manufacturing company must take up the gauntlet for ever changing customer demand. Taking the right decision for adapting its 
production system requires to analyse several aspects bound to different points of view, to consider all possible solutions and to 
coordinate experts interactions. In this paper we propose a well organized collaborative process for decision about change to 
respond to this time consuming and challenging task. This process is supported by visualization and interaction technologies. We 
illustrate with an example how the requirements of a production capacity enhancement problem can be addressed through 
collaboration between multiple expertises. 
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1. Introduction 
Current market conditions are creating more specific 
requirements for product. To survive in today’s rapidly 
changing market, a manufacturing company has to 
quickly adjust its production system to market 
requirements. To make effective and rapid reaction 
possible, several manufacturing systems paradigms have 
emerged as a result of these changes; including agile [1], 
flexible [2] and reconfigurable [3] manufacturing. Each 
one presents a set of technological solutions to enable 
changes to occur efficiently and profitably [4]. Most 
often changes can be anticipated thanks to different 
methodologies [5, 6] but still there are some go beyond 
this anticipation.  
Deciding about change to respond to new 
requirements is a challenge for manufacturing company 
[7]. It requires having a well organized process for 
responding quickly and accurately to such problems. 
Manufacturing company requires efficient methods and 
tools for solving complex production systems problem. 
Computational tools do not represent sufficient solutions 
for leading to innovation. Creating innovation and 
finding innovative solution requires a good 
understanding of requirements and problem context and 
better collaboration between experts. Modeling and 
visualization could be cost-effective ways of 
demonstrating layout ideas which is otherwise difficult 
to describe verbally or by means of paper pictures. It can 
help for co-operative planning, sharing opinions, use of 
management and worker experience and knowledge, and 
public testing of current reality or future plans [9]. 
Solving most problems in manufacturing companies, 
requires different disciplinary to evaluate solutions from 
different points of view and perspectives [8]. To ensure 
the integration of expert results, a strong cooperation 
between different members of team is expected. 
Two interesting aspects for our research were to 
formalize the process of responding to new requirement 
or demand, and supporting this process by using 
visualization and interaction technologies. 
In this paper we firstly introduce the required changes 
to respond to new requirements based on state of art; in 
section two we represent the process for decision about 
change to respond to new requirements in a factory. In 
section three we suggest some technological supports for 
proposed process that can affect the process 
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performance. In section four; we explain the process 
through the example. 
1.1. Required changes to fulfill new requirements 
Facilities layout and location problems have elements 
of optimization and design problems [10]. There are 
three main approaches for layout problem as design 
problem [10, 12]: Systematic Layout Planning (SLP), 
Engineering Design Problem Approach, and Winning 
Facilities Process. Although a facility is designed only 
once, it is frequently redesign to synchronize the facility 
and its constantly changing objectives [10]. In today’s 
manufacturing environment, change has become a 
constant. For any manufacturing industry, it is an 
important and fundamental strategic issue.  The reasons 
for change are internal or external to the manufacturing 
company. Performance, productivity are internal 
reasons; change in demand, evolution of the 
technological requirements of the product, costs pressure 
are external reasons for driving change in manufacturing 
companies. Hence, several points of view must be 
considered during the definition of a new organization. 
Fig. 1. Selected change scenario, redrawn from [11] 
Change can be required at different levels, different 
aspects and different parts of the factory. As mentioned 
in [4] changes are including the technical systems; the 
business organization and employees. In technical part, 
there are two type of change: physical (hard) and logical 
(soft). Change in factory infrastructure, building, 
physical layout are physical changes while changes in 
control process, plan individual operations, to plan and 
control the whole production are logical changes. Two 
main types of constraints exist in this type of factory 
problem; the first one is constraints regarding the project 
objectives (Budget for project, Time for responding 
market demand, sustainable solution, etc), the second 
one is constraints due to current situation of factory 
(building, production layout etc). By considering theses 
constraints, effective solutions will come from a fruitful 
collaboration between the multiple disciplinary that 
forms the theoretical frame of the problem: Industrial 
engineer, Logistic experts, Safety experts, Architects, 
Financial, Production managers etc. 
Hildebrand et al. [11] represent the common change 
scenarios (Figure 1). Defining change scenario and 
analyzing the scenarios and consequence of selected 
scenario in different part of factory and company can be 
challenging. 
In this paper alternatives are all possible scenario that 
can be defined to create change to respond to the new 
requirements of the company.    
2. Proposed process 
We model a process (Figure 2) for solving these types 
of problem. By structuring the process we identify the 
role of every collaborator and ensure they will mainly 
focus on their own expertise. Then we take advantage of 
new visualization technology to make cooperative work 
more intuitive. 
 Before the process starts, according to the new 
requirement, the sectors of factory to be adapted must be 
determined. We assume these specifications are 
available. The Figure 2 summarizes the phases of the 
modeled process. The proposed formalization may help 
improving the structure of every step and the definition 
of efficient support for the collaboration steps which 
usually remains very informal.  
2.1. Phase 1 (primary data and information gathering) 
The first phase relates to primary gathering data and 
information about the sectors of factory. It is the primary 
understanding of the complexity of problem. Each 
change demand remains unique, and according to 
different expert’s requirement, may need different data 
and information with different level of detail: job at this 
step is mainly related to gathering general data. These 
data can be available or built in multiple forms: 3D 
model of equipments as common representation of 
current physical situation, corresponding datasheets 
about equipments, pictures, charts, etc.  
The dataset produced in this phase is a direct input for 
the next phase. 
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2.2. Phase 2 (Collaborative discussion for problem 
understanding and generating primary solutions) 
This phase expected to clarify the problem context 
and constraint created by current situation of factory. 
The main objectives of this phase are to provide 
common understanding about problem, to generate or 
identify primary alternative solutions through discussion 
between experts. 
2.3. Phase 3 (Analysing alternatives with different tools 
and methods) 
In this phase each expert has to analyse, assess and 
evaluate the alternative solutions produced during the 
previous phase. Alternatives generated in phase 2 are 
mainly conceptual. Each expert will use his or her own 
tools and methods for these analyses. In this phase the 
work may not be in close cooperation and a usual 
organization should let the experts work in asynchronous 
mode without formal exchange. The result is a 
formulation of expert constraints over the new 
organization of the plant, but these constraints are 
known by individual experts. 
2.4. Phase 4 (Discussion on the results of previous phase 
to determine feasible alternatives) 
In this phase experts have to meet again, and bring 
the results of their analysis and detail of alternatives. 
They have to represent the feasibility and condition of 
feasibility of each alternative according to their domain 
requirements. The merge of previous constraints and 
evaluation of Phase 3 should lead to conflict detections. 
The 3rd and 4th phases can be iterated to develop 
alternatives that are feasible according to technical and 
non technical points of view. 
2.5. Phase 5 (Taking final decision, testing and 
implementing it) 
Based on previous phases experts achieve feasible 
alternatives. In this phase the “best” alternative should 
be selected. Before implementation of factory changes in 
real world the solution should be tested or simulated to 
prevent any error and mistake. A risk analysis may be 
applied and a ramp-up program may also be organized to 
stop the program in case of major issues. 
3. Technological support for process 
Here, our hypothesis is: the way of representing data 
and information to the experts can affect the 
understanding of problem and the results and 
effectiveness of discussion and innovation in idea 
generation in factory problems context.  
Advanced technologies can help to improve 
communication. They will help to ensure about common 
understanding of problem, providing common 
representation of problem context and giving the 
possibility for each expert to easily interact with data 
and to discuss about different aspects of the 
problem/solution. 
Fig. 2. Model of the process for decision about change to respond to 
new requirements in a factory 
3.1. Multi-touch table as supporting platform for 
synchronous work phases 
  In the phases 2 and 4 where experts are involved in 
synchronous activities, we take the benefits of multi-
touch table as collaborative hardware for supporting 
collaborative discussion. Multi-touch table can be a 
solution to overcome some limitations of co-located 
meeting. Efficiency of multi-touch table for small group 
collaboration [13, 14 and 15] as well as for decision 
making [16] has been discussed in different research 
works. In situation where people are co-located, single 
Display Groupware (SDG) allows small groups to 
collaborate using a single, shared display [17]. This 
setting can increase productivity and facilitate group 
communication compared to a working environment 
based on individual workstations [18].  
Data and information gathering about current 
situation of manufacturing facilities.  
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x Hardware: 
Multi-touch technology is a flat device which enables 
defining natural user interaction with computer. It is an 
appropriate hardware for interaction with 2D data and 
information. 3D visualization can also be displayed, as 
long as the perspective is adapted to the problem. For 
plant layouts, for instance, top views are very convenient 
and fit admirably with the topology of a tabletop type 
interactive surface. Capacity to identify the actors co-
operating on the same objects, or in the same virtual 
space, is a real added value. Thus, we choose a multi-
touch and multi-user device that allows smooth 
identification of the interactions' initiator. In HCI 
perspectives, it offers the advantage of customizing 
interactions and representations according to the 
characteristic that are attributed to the stakeholders 
(expertise, responsibility, operational role, etc.). Thus, 
multi-user interfaces may prove their superiority in such 
a context. 
x C-I-DR Software : 
In addition to hardware capability, the underlying 
software also plays a very important role in effectiveness 
of this technology. C-I-DR (Collaborative-Interactive-
Data Representation) is software under development by 
authors, in G-SCOP Lab for constructing these types of 
application for multi-touch table. Here we present the 
specification of this software which must be finalized in 
development process. C-I-DR is responsible for 2D and 
3D data representation and interaction management with 
a multi-touch table. It also address documentation tasks 
and the management of discussion result and generated 
alternatives.  
 
 
Fig. 3.  Interface of C-I-DR for adding data of current manufacturing 
equipments, to the virtual scene 
C-I-DR characteristic: 
x Interface for adding data to the scene and for 
constructing interactive data representation, before 
meeting around multi-touch table. Figure 3 show the 
snapshot of this interface. 
x It manages the generation of different scenes to give 
experts the possibility to construct each alternative 
through different scene. Alternative construction can 
be including object modification, adding new object, 
attaching annotation to object, adding annotation to 
the scene, and request for additional information.  
x Managing Documentation: for each generated 
alternative, documentation consists of 3D and 2D 
model with corresponding notes and the text file with 
alternative characteristic. We will have different 
version of documentation for each experts. 
Figure 4, 5 represent user interaction with scene and 
object and the sequence of event generated under menu. 
Fig. 4. Interaction with object to access, to add and to edit data. 
Fig. 5. Adding object to the scene and adding annotation about general 
aspects. 
3.2. Virtual environments as supporting technology 
Today virtual environments (VE) are becoming an 
important tool for simulating manufacturing systems 
[19]. VE holds great potential in manufacturing 
applications to solve problems before being employed in 
practical manufacturing. T.S. Mujber et al. [20] had a 
review on use of virtual reality in manufacturing 
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applications, which include, design, prototyping, 
machining, assembly, inspection, planning, training and 
simulation. This technology will be helpful in our 
proposed process, in phase 3 for alternative evaluation 
for specific expertise, for example: safety expert or 
ergonomic expert. In phase 5 before implementing final 
solution in real world it can be tested in virtual world to 
preventing any mistake. 
Plant layout expert can intuitively see the layout 
result by applying Augmented Reality (AR) technology 
to factory layout .Taking the existing factory as the 
scene, modeling part of the factory, changing the 
position of models by moving mark patterns [22]. 
AR can be used for supporting proposed process, for 
example, in phase 3, ergonomic expert can validate 
alternatives by analyzing workplace ergonomics through 
AR technologies [22].  One of the objectives of the AR-
technology is the seamless integration of virtual objects 
into the real world [23]. AR should provide visualization 
of virtual machinery or components in the real factory 
environment [21]. 
Fig. 6. Data representation and user interaction with multi-touch table 
for hot forging production line 
4. Example Instantiation 
To clarify the modeled process and the way we 
expect to support its execution, we illustrate now the 
first three phases through the use case. We take a simple 
problem as an example that any production company can 
face: the demand for a specific product is increasing; the 
company needs to enhance its production capacity.  
In this example explanation we just focus in hard 
changed, but in real world soft change also needs to be 
considered. 
Before phase1, firstly the manufacturing process of 
this product has to be analyzed. This analysis help to 
recognize which sectors of factory may need to change 
for responding to this new requirement: in this example 
the sector of factory that is required to change is hot 
forging production line. In phase1 we gather the data 
that are related to these sectors. For our case we assumed 
that, the product is a simple part which is produced in 
hot forging production line.  
In phase1 of the process, general data and information 
have to be gathered. These data can be helpful for the 
first analysis of problem. They can consist of 2D and 3D 
representation of facility layout, Material flow, Cycle 
time, Production capacity, Material handling systems, 
Data about each equipment and etc. (See Figure 7_ 
phase1). In phase 2 based on data that provided by 
phase1 by use of C-I-DR software, data representation 
can be structured before holding the meeting.  
By presenting data through multi-touch table, each 
expert can interact with object to have access to 
additional data (Figure 6). They can discuses about 
possible solution, modified scene by adding new object 
by translating equipment, etc. 
Fig. 7. Some detail of phase 1, 2 for Hot forging production line  
The primary alternatives will be created and 
documented by structuring annotations created during 
the discussion. Documentations of alternative and 
discussion will be in two formats: 2D/3D model 
(modified version of existing facility layout), text file 
(reporting about each alternative in the table format) (see 
Figure7_phase2). For our case, for example; alternative1 
is: to add new furnace, alternative2 is: changing furnace 
with new one with more capacity, etc. The detail of each 
alternative and required evaluation will documented as 
well, through this discussion. In phase 3 the primary 
solutions have to be analyzed to determine its detail and 
feasibilities from different points of view. Each expert 
will use his or her own tools and methods for this 
evaluation and verification. For example for our case 
Phase 1 
Hot Forging Production line - 3D/2D model of 
equipments 
- Cycle time 
- Functionality of 
equipments 
- … 
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Increasing demand for product Æ increasing Hot-forging production line capacity  
Adding new 
Furnace …. 
Changing 
Furnace …. 
Automation … 
 
A1 A2 A3 
An 
Phase2 
470   S. Sadeghi et al. /  Procedia CIRP  3 ( 2012 )  465 – 470 
 
industrial engineer needs to check cycle time for each 
alternative, architecture need to check building state and 
changeability of it for each alternative. Logistic expert 
need to check current material handling state and what 
will be the solution for each alternatives and etc. So 
different aspects of each alternative will determined in 
this phase, like: energy consumption, production 
capacity, cost for change, time for change, cycle time, 
future perspectives, etc. 
5. Conclusion and Future Perspectives 
In this paper we proposed a process with 
technological support for helping manufacturing 
company to make effective and rapid reaction to the new 
requirements. We tried to show, how we can take the 
benefits of new visualization and interaction technology 
as supporting tool through the proposed process. 
Specifically in this paper we introduce C-I-DR software 
that is designed for multi-touch table. The environment 
that is provided by this hardware and software can 
facilitate discussion and action by the group involved in 
solving the problem.  
An example of decision about change in factory to 
enhance its production capacity was built in order to 
illustrate the main steps of the process. The next step 
will be to run the process on a real case while providing 
the technological support presented herein. Some of our 
assumptions may then be challenged and empirical data 
should provide elements for refining both process and 
supporting tools. Supporting tool for distance 
collaboration in this process can be considered as future 
work and perspectives. This support needs to be 
evaluated in the industry for its effectiveness. 
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